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MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress side etching 
by constituting a dielectric provided on a metal layer 
by depositing it in layers only along the thickness of 
the layer. 

SOLUTION: The substrate 20 with the transparent 
electrode is constituted by coating the main surface 
of a transparent substrate 4 with the transparent 
electrode 10 consisting of a laminate of 3 layers 
formed by laminating a dielectric layer 3 and a metal 
layer 2 alternately in this order from the side of the 
transparent substrate 4, and dielectric layers 3 are 
deposited on the metal layer 2 along the thickness of 
the layer. Thus, the laminate body has three-layered 
constitution and the metal layer 2 can be coated with 
multiple dielectric layers 3. Consequently, the 
dielectric layer 3 formed on the transparent substrate 
4 in contact and the dielectric layer 3 formed on the b 
metal layer 2 in contact can be made nearly equal in 
acid etching property (so that side etching of the 

dielectric layer provided right on the transparent substrate is not caused in electrode pattern 
machining). 
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CLAIMS 



[Claim(s)] 

[Claim l] The dielectric layer prepared on 
the aforementioned metal layer in the 
substrate with a transparent electric 
conduction film by which the transparent 
electric conduction film with which a 
dielectric layer and a metal layer consist 
of a layered product of three or more 
layers by which the laminating was 
carried out by turns in this sequence was 
prepared from the aforementioned 
transparent substrate side on one main 
front face of a transparent substrate is a 
substrate with a transparent electric 
conduction film characterized by having 
deposited so that it may become a 
multilayer in the thickness direction of a 
layer. 

[Claim 2] The substrate with a 
transparent electric conduction film 
according to claim 1 deposited so that the 
aforementioned layered product may 
consist of three layers and the dielectric 
layer on a metal layer may turn into a 
multilayer. 

[Claim 3] The substrate with a 
transparent electric conduction film 
according to claim 1 deposited so that the 
aforementioned layered product may 
count from a substrate side, it may 
consist of five layers, the 1st dielectric 
layer, the 1st metal layer, the 2nd 
dielectric layer, the 2nd metal layer, and 



the 3rd dielectric layer, and the 2nd 
dielectric layer may turn into a 
multilayer at least among the dielectric 
layers prepared in contact with the metal 
layer top. 

[Claim 4] A substrate with a transparent 
electric conduction film given in one term 
of the claims 1-3 characterized by making 
it smaller than the thickness of the 
dielectric layer in which the thickness for 
one of the layer deposited so that it might 
become the aforementioned multilayer is 
prepared in contact with a transparent 
substrate. 

[Claim 5] The aforementioned dielectric 
layer is a substrate with a transparent 
electric conduction film given in one term 
of the claims 1-4 which are the layers of 
the transparent metallic oxide of acid 
fusibility. 

[Claim 6] The substrate with a 
transparent electric conduction film 
according to claim 5 characterized by 
setting the transparent metallic oxide of 
the aforementioned acid fusibility to at 
least one chosen from the group of the 
acid fusibility metallic oxide which 
consists of indium oxide, tin content 
indium oxide, zinc content indium oxide, 
tin and zinc content indium oxide, the tin 
oxide, antimony content tin oxide, and an 
aluminum content zinc oxide. 
[Claim 7] TJie substrate with a 
transparent electric conduction film 
according to claim 6 characterized by 
choosing indium oxide as a transparent 
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metallic oxide of the aforementioned acid 
fusibility. [Claim 8] The substrate with a 
transparent electric conduction film 
according to claim 6 characterized by 
choosing tin content indium oxide as a 
transparent metallic oxide of the 
aforementioned acid fusibility. 
[Claim 9] The substrate with a 
transparent electric conduction film 
according to claim 6 characterized by 
choosing zinc content indium oxide as a 
transparent metallic oxide of the 
aforementioned acid fusibility. 
[Claim 10] A substrate with a 
transparent electric conduction film 
given in one term of the claims 1*9 which 
used the aforementioned metal layer as 
the layer which makes silver a principal 
component. 

[Claim 11] The substrate with a 
transparent electric conduction film 
according to claim 10 which used at silver 
the layer which makes the 
aforementioned silver a principal 
component as the layer which did 0.1*3 
atom % addition of palladium. 
[Claim 12] A substrate with a 
transparent electric conduction film 
given in one term of the claims 1*9 which 
used the aforementioned metal layer as 
the layer which makes gold a principal 
component. 

[Claim 13] The aforementioned 
transparent substrate is a substrate with 
a transparent electric conduction film 
given in one term of the claims 1*12 



which are the substrates by which the 
light filter for color display was prepared 
on the glass plate. 

[Claim 14] The display device using the 
substrate with a transparent electric 
conduction film given in one term of the 
claims 1*13. 

[Claim 15] The substrate with a 
transparent electric conduction film by 
which the transparent electric conduction 
film with which a dielectric layer and a 
metal layer consist of a layered product of 
three or more layers by which the 
laminating was carried out by turns in 
this sequence was prepared from the 
aforementioned transparent substrate 
side on one main front face of a 
transparent substrate It is the method of 
manufacturing by the sputtering method 
or vacuum deposition in the inside of the 
decompressed atmosphere. The 
manufacture method of the substrate 
with a transparent electric conduction 
film characterized by making deposition 
growth of a crystal grain child become a 
multilayer in the thickness direction by 
discontinuation of the membrane 
formation about at least one layer in the 
dielectric layer prepared in contact with 
the aforementioned metal layer top. 
[Claim 16] The manufacture method of 
the substrate with a transparent electric 
conduction film according to claim 15 
characterized by performing the front of a 
target by the sputtering method make 
the aforementioned transparent 
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substrate cross two or more times at the 
same time it carries out sputtering, using 
as a target material which may serve as 
[ discontinuation / of membrane 
formation of the aforementioned 
dielectric layer ] the aforementioned 
dielectric in the aforementioned 
transparent substrate. 
[Claim 17] The manufacture method of 
the substrate with an electric conduction 
film according to claim 15 characterized 
by carrying out by the vacuum deposition 
which the vacuum evaporationo raw 
material which may serve as the 
aforementioned dielectric in 
discontinuation of membrane formation 
of the aforementioned dielectric is 
evaporated, and intercepts temporarily 
the attainment to the aforementioned 
transparent substrate of the evaporation 
particle. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention 
belongs] this invention especially relates 
to a large area, highly minute, and the 
substrate with a transparent electric 
conduction film used suitable for the 
liquid crystal display of a high-speed 
response about the substrate with a 
transparent electric conduction film of 
low resistance used for thin shape display 
devices, such as a liquid crystal display 



element, a plasma display device and an 
electro MINESSENSU (EL) element, and 
a Light Emitting Diode element. 
[0002] 

[Description of the Prior Art] 
Conventionally, as a substrate with a 
transparent electric conduction film used 
for a liquid crystal display element, what 
covered tin content indium oxide Gt 
outlines by indium oxide -ITO which 
doped a small amount of tin) on the 
glass-substrate front face is used. 
Although the permeability of the light 
was excellent, since the resistivity of a 
transparent electric conduction film had 
a big value of 10-4ohmcm order, it was 
large in the screen product, and in order 
to realize highly-minute -izing of a display, 
reduction in a cross talk, and high-speed 
response ization, there was a problem 
that thickness of a transparent electrode 
had to be thickened. [ of what carried out 
electrode pattern processing of the ITO 
transparent electric conduction film at 
the transparent electrode of a 
predetermined configuration ] 
[0003] Since it became difficult by etching 
by the acid to form a high definition 
electrode pattern with the sufficient yield 
and the remarkable level difference by 
the transparent electrode was formed in 
the interior of a liquid crystal display 
element when the thickness of a 
transparent electric conduction film 
became thick, there was a problem that 
poor orientation arose in orientation 
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processing of the liquid crystal by 
rubbing etc. around this level difference 
section. In order to solve this problem, 
the thin film of the small silver of specific 
resistance or gold is made into a 
conductive layer, and in order to aim at 
improvement in permeability, the 
transparent electrode of the three-tiered 
structure which sandwiched this silver or 
gold layer in the ITO layer etc. is 
indicated by JP,63- 187399, A and 
JP,7-114841,A as a transparent electrode 
for liquid crystal displays. 
[0004] 

[Problem(s) to be Solved by the 
Invention] however, although ITO (tin 
content indium oxide) / silver (Ag) shown 
with the above-mentioned conventional 
technology / transparent electric 
conduction film of 3 lamination of ITO 
combined and had transparency 
(visible-ray permeability) and the low 
resistive characteristic, the ITO layer 
which is a dielectric layer was 
continuously formed from the membrane 
formation start to the membrane 
formation end, without interrupting 
membrane formation, in order to raise 
productivity For this reason, the 
dielectric layer was what consists of 
crystal grain children (grain size) who 
grew to height almost equal to the total 
thickness of a dielectric layer as shown by 
drawing 5 . Therefore, this grown-up 
crystal grain child changed in the size 
with thickness of a dielectric layer. 



Moreover, but, this crystal grain child is 
with the case with the same thickness of 
a dielectric layer where it is covered on 
the metal layer, and the case where it is 
covered on the glass plate or a 
transparent substrate like an organic 
resin material, and had the trouble that 
the situations of etching by the acid at 
the time of electrode pattern processing 
differed. That is, there was a trouble that 
side etching of the ITO layer (the 1st 
dielectric layer) covered in contact with a 
transparent substrate was intense (a of 
drawing 1 ). moreover, when it considers 
as the composition using two layers of 
metal layers in order to consider as the 
electrode of low resistance, maintaining 
visible*ray permeability highly for 
example In order to count from a 
substrate and to make thickness of the 
2nd dielectric layer into thickness twice 
[ about ] the thickness of the 1st and the 
3rd dielectric layer, Since a crystal grain 
child grows up as compared with other 
dielectric layers, an etching rate becomes 
late, therefore, the electrode pattern cross 
section after etching It becomes an 
imbalanced configuration like b of 
drawing 1 , and has a bad influence on 
the back process at the time of this 
constituting display (for example, when 
using as a liquid crystal display 
electrode). The space which was 
generated unwillingly and which was 
able to be scooped out was covered with 
the foam etc. near the substrate shown in 
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a of drawing 1 , and b of drawing 1 in 
heating of the orientation film applied 
after this or the case of rubbing, and 
there was a trouble that the film crack 
and film separation of an orientation film 
arose owing to this, and production of a 
display device became impossible, this 
invention solves the trouble which such 
conventional technology has, and it is 
made in order to offer the substrate with 
a transparent electric conduction film by 
which electrode processability has been 
improved. 
[0005] 

[Means for Solving the Problem] The 1st 
of this invention is the substrate with a 
transparent electric conduction film with 
which the transparent electric -conduction 
film with which a dielectric layer and a 
metal layer consist of a layered product of 
three or more layers by which the 
laminating was carried out by turns in 
this sequence was covered from the 
aforementioned transparent substrate 
side on one main front face of a 
transparent substrate, and is a substrate 
with a transparent electric -conduction 
film characterized by to have deposited so 
that the dielectric layer covered on the 
aforementioned metal layer may turn 
into a multilayer in the thickness 
direction of a layer. 
[000G] In the 1st of this invention, the 
aforementioned layered product can be 
made into 3 lamination, and the dielectric 
layer covered on a metal layer can be 



covered so that it may become a 
multilayer. Etching nature by the acid of 
the dielectric layer covered in contact 
with a transparent substrate top by this 
and the dielectric layer covered in contact 
with a metal layer top can be made 
almost the same (the side etch of the 
dielectric layer prepared in right above 
[ transparent substrate ] by electrode 
pattern processing does not arise like). 
Moreover, in order to control the etching 
nature of two dielectric layers delicately, 
you may cover the dielectric layer covered 
in contact with a transparent substrate 
so that it may agree for the purpose of 
this invention further and may become a 
multilayer. 

[0007] In the 1st of this invention, it is 
desirable to deposit the 2nd dielectric 
layer at least, among the dielectric layers 
which count the aforementioned layered 
product from a substrate side, consider as 
five layers, the 1st dielectric layer, the 1st 
metal layer, the 2nd dielectric layer, the 
2nd metal layer, and the 3rd dielectric 
layer, and are covered in contact with a 
metal layer top, so that it may become a 
multilayer. Moreover, you may deposit 
both 2nd dielectric layer and 3rd 
dielectric layer so that it may become a 
multilayer. In order to carry out control 
adjustment of the etching nature of three 
more dielectric layers delicately, it may 
be covered so that it may become a 
multilayer about the dielectric layer 
covered in contact with a transparent 
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substrate. 

[0008] In the 1st of this invention, the 
multilayer structure (it has the boundary 
of a fault or a layer, and a layer) of a 
dielectric layer and its thickness (or 
lengthwise grain size) are observed with 
the SEM image 

(scanning-electron-microscope image) of a 
layer cross section. This image irradiates 
a primary electron ray at the cross 
section of the multilayer cut at right 
angles to a film surface, catches 
secondary electron ray images reflected 
from there, and makes them an image, 
and, in the case of a dielectric with 
conductivity, such as ITO, the 
cross- section image of the crystal grain 
child (grain) who constitutes a layer can 
observe it comparatively vividly. 
Moreover, if SURAITO etching is carried 
out in thin hydrochloric-acid solution etc. 
after cutting a film when it is hard to 
observe the boundary and fault 
(boundary of a layer and a layer) of 
particles at the time of this observation, 
this boundary portion will become 
comparatively clear. What is necessary is 
just to cover the conductive matter thinly 
beforehand in a cross section for SEM 
image observation, when the conductivity 
of a dielectric layer is not enough. 
[0009] Making smaller than the 
thickness of the dielectric layer covered 
in contact with a transparent substrate 
top thickness for one of the layer formed 
by the crystal grain child who deposited 



in the 1st of this invention so that it 
might become the multilayer of a 
dielectric layer (it setting to drawing 4 
and being the thickness of the total 
thickness mostly formed by deposition of 
the crystal grain child of a half single 
tier) It is desirable when not producing 
the overhang shown in the electrode 
pattern cross section of a of drawing 1 . 
and b of drawing 1 . 
[0010] If etching by corrosive processes, 
such as hydrochloric -acid solution, 
nitric-acid solution, or solution that 
mixed these, is performed when ** of the 
dielectric layer by which the laminating 
was carried out [ aforementioned ] is 
constituted from the almost same 
composition according to this invention, 
the cross-section configuration of a 
stripe -like electrode pattern is broad at a 
transparent substrate side, and from a 
transparent substrate, it will become in 
the distance, and will follow, and width 
will become small (to the shape of namely, 
a taper desirable as a cross-section 
configuration of a transparent electrode 
[0011] As for the 1st of the invention in 
this application, the 1st dielectric layer is 
influenced of the amorphous fine 
structure of front faces, such as a glass 
plate and an organic resin. As compared 
with the dielectric layer covered on a 
metal layer, it is hard to carry out a 
crystal growth, and there is an 
inclination for a crystal grain child's size 
(grain size) to become small relatively. 
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The etching rate by the acid of the 1st 
dielectric layer directly covered on a 
transparent substrate by this is made by 
having discovered the bird clapper 
quickly relatively from the dielectric 
layer covered on the metal layer, 
furthermore, when the dielectric layer of 
the same composition formed on the 
metal layer which consists of the same 
metal also has the large thickness of the 
layer, the size of the thickness direction of 
the crystal grain child who grows 
becomes large, and, thereby, it is 
irregular (side etching arises or an 
overhang arises) - it is made based on 
having found out things [ of the cross 
section of a processing electrode ] 
[0012] Moreover, when considering as the 
structure which divides a metal layer into 
two layer and aims at high permeability, 
for example, when considering as a 
substrate / the 1st dielectric layer / the 
1st metal layer / dielectric layer / the 2nd 
metal layer / dielectric layer, [ 2nd ] [ 3rd ] 
Thickness of the 2nd dielectric layer 
inserted between the 1st and 2nd metal 
layer is made into the double -precision 
grade of the thickness of the 
optical-design top (when making 
visible -ray permeability high) 1st and 3rd 
dielectric layers in many cases. In this 
case, when prepared by continuation 
membrane formation, without 
interrupting membrane formation of the 
2nd dielectric layer, it found out that 
there was an inclination for a crystal 



grain child to become larger than that of 
the 1st and 3rd dielectric layers in the 
direction of thickness, and for the etching 
rate by the acid at the time of electrode 
pattern processing to become remarkably 
late about the 2nd dielectric layer by this. 
[0013] In order to control the width of 
face of the pattern at the time of electrode 
processing, it is required to control the 
etching rate (especially the amount of 
side etching) of the dielectric layer at the 
time of etching using photo lithography, 
and for etching at the time of making the 
resist pattern of each class into a criteria 
position to enter, and to optimize the side 
etching width of face which is an amount. 
Composition of a dielectric layer is the 
same, or it can carry out by controlling 
the size (grain size) of the crystal grain 
child who constitutes a dielectric layer for 
control of this amount of side etch INGU, 
when comparatively near. 
[0014] For example, when using 
transparent metallic oxides, such as ITO, 
as an acid-resisting dielectric layer, the 
direction which improved the 
crystallinity of an ITO layer and enlarged 
grain size can make an etching rate late. 
Thereby, the amount of side etch at the 
time of electrode processing can be 
lessened. In order to prevent the side etch 
of the dielectric layer covered in contact 
with a transparent substrate in order to 
consider as the shape of a taper desirable 
as the above-mentioned electrode pattern 
configuration, it is desirable to arrange a 
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film with small crystal grain child (grain) 
size and a quick etching rate to the 
dielectric layer of a side far from a 
substrate. 

[0015] In the 1st of this invention, 
although it is not limited as a compound 
which constitutes a dielectric layer 
especially if it is the transparent metallic 
oxide of acid fusibility, the compound of 
the range whose refractive index specific 
resistance is a below lxlO*lohmcm grade, 
and is 1.4 to about 2.7 is fond, and is used. 
Especially, the acid fusibility metallic 
oxide which consists of indium oxide, tin 
content indium oxide, zinc content 
indium oxide, tin and zinc content indium 
oxide, the tin oxide, antimony content tin 
oxide, and an aluminum content zinc 
oxide is fond, and is used. Moreover, what 
carried out little content of aluminum 
and the gallium can be used for indium 
oxide. Especially since indium oxide, tin 
content indium oxide, zinc content 
indium oxide, tin, and zinc content 
indium oxide have the high fusibility by 
the acid, they are [ among these ] 
desirable. As for the tin which indium 
oxide is made to contain, it is desirable to 
consider as 30 or less % of the weight 
when not reducing acid fusibility. 
Moreover, as for the amount of the zinc 
which indium oxide is made to contain, it 
is desirable to consider as 40 or less % of 
the weight from a viewpoint of not 
reducing alkali resistance. 
[0016] In the 1st of this invention, when 



making permeability high for a visible ray, 
as for a metal layer, it is desirable to 
make silver or gold into a principal 
component. Furthermore, what did 0.1-4 
atom % addition of copper, and the thing 
which did 0.05- pentatomic % addition of 
magnesium at silver are preferably used 
for what did 0.1-3 atom % addition of 
palladium at silver, the thing which did 
0.1- pentatomic % addition of gold at 
silver, and silver in order to improve the 
endurance of layers of this metal 
conductive layer, such as moisture 
resistance. 

[0017] In the 1st of this invention, it is 
good also as 5 lamination which divided 
the metal layer into the metal layer more 
than two-layer by the dielectric layer. 
Thereby, if it is the almost same sheet 
resistivity compared with the case where 
a metal layer is not divided, it can 
consider as the transparent electric 
conduction film of higher permeability. 
Thus, when dividing the aforementioned 
metal layer, in order to make it the 
perpendicular visible light transmittance 
of the whole substrate with a transparent 
electric conduction film of this invention 
become about 50% or more, it is desirable 
that total of the thickness of each divided 
metal layer sets to about lOOnm or less. 
[0018] As a transparent substrate which 
can be used for the 1st of this invention, 
the substrate by which the organic 
protective layer was prepared on the light 
filter aiming at color display and its light 
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filter on plastic plates, such as a 
polyethylene terephthalate (PET) and an 
acrylic (PMMA), or plastic film and a 
glass plate can be illustrated as well as 
well-known glass substrates, such as 
glass of soda lime silica composition, and 
a borosilicate glass (alkali free glass). 
Moreover, these substrates do not need to 
be flat surfaces and a base with a certain 
kind of a curved surface and irregularity 
is sufficient as them. 
[0019] The 2nd of this invention is the 
method of manufacturing the substrate 
with a transparent electric conduction 
film by which the transparent electric 
conduction film with which a dielectric 
layer and a metal layer consist of a 
layered product of three or more layers by 
which the laminating was carried out by 
turns in this sequence was prepared from 
the aforementioned transparent 
substrate side on one main front face of a 
transparent substrate. It is the 
manufacture method of the substrate 
with a transparent electric conduction 
film the crystal grain child who does 
deposition growth of at least one layer in 
the dielectric layer by which a laminating 
is carried out in contact with the 
aforementioned metal layer top by 
discontinuation of membrane formation 
was made to serve as a multilayer in the 
thickness direction. 
[0020] The 2nd of this invention is 
characterized by dividing so that 
membrane formation may be interrupted 



in the middle of membrane formation of 
the dielectric layer on a metal layer and it 
may become a multilayer about the 
sedimentary structure of the crystal 
grain child of a dielectric layer. Making a 
dielectric layer into a multilayer by 
discontinuation of membrane formation 
once stops membrane formation during 
membrane formation of the dielectric film 
to a substrate top, and it is realizable by 
carrying out a halt of this membrane 
formation to sufficient grade for growth of 
the crystal grain child (or growth grain) 
of a dielectric layer becoming 
discontinuous. 

[0021] By making this dielectric layer 
into a multilayer, the crystal grain child 
size of the dielectric for controlling the 
etching rate at the time of electrode 
pattern processing is controllable. 
Although the size of the particle of a 
direction parallel to a substrate changes 
with membrane formation conditions, the 
size of the particle of a direction 
perpendicular to a substrate is controlled 
by discontinuation of membrane 
formation. 

[0022] Discontinuation of the 
above-mentioned membrane formation 
can be carried out making into multiple 
times the number of times which passes 
through the target front in in-line spatter 
equipment, and forming membranes, and 
by intercepting the evaporation particle 
which flies to a substrate in batch type a 
sputtering system or vacuum 



9 



JP10-239697A 



evaporationo equipment using the 
shutter installed between the target or 
the source of membrane formation, and 
the substrate. Moreover, it can carry out 
also by changing the pressure (degree of 
vacuum) and oxygen density of 
atmosphere when forming membranes 
with vacuum deposition, such as 
sputtering, arc discharge vacuum 
evaporationo, and ion plating, timely. 
[0023] As a compound which constitutes 
the dielectric layer used in the 2nd of this 
invention, like the 1st of this invention, 
although it is not limited especially if it is 
the transparent oxide of acid fusibility, 
the compound of the range whose 
refractive index specific resistance is a 
below lxlO-lohmcm grade, and is 1.4 to 
about 2.7 is liked and used. Since there is 
solubility [ as opposed to mineral acids, 
such as a hydrochloric acid, and a 
hydrochloric acid a nitric acid, and these 
solution in the indium oxide containing 
an indium oxide, tin content indium oxide, 
zinc content indium oxide, tin, and zinc, 
the tin oxide, the antimony content tin 
oxide, an aluminum content zinc oxide, 
etc. ] and there is conductivity especially, 
it is used by preference. Among these 
metals, tin and zinc have a cheap 
material price, these can be added and 
the dissolution rate to the acid of indium 
oxide can be controlled delicately 
[0024] Moreover, in the 2nd of this 
invention, like the 1st of this invention, 
when making permeability high for a 



visible ray it is desirable [ a metal layer ] 
to make silver or gold into a principal 
component. Furthermore, what did 0.1-4 
atom % addition of copper, and the thing 
which did 0.05- pentatomic % addition of 
magnesium at silver are preferably used 
for what did 0.1-3 atom % addition of 
palladium at silver, the thing which did 
0.1- pentatomic % addition of gold at 
silver, and silver in order to improve the 
endurance of layers of this metal 
conductive layer, such as moisture 
resistance. 

[0025] Moreover, in the 2nd of this 
invention, it is good also as 5 lamination 
which divided the metal layer into the 
metal layer more than two-layer by the 
dielectric layer. Thereby, if it is the 
almost same sheet resistivity compared 
with the case where a metal layer is not 
divided, it can consider as the 
transparent electric conduction film of 
higher permeability. Thus, when dividing 
the aforementioned metal layer, in order 
to make it the perpendicular visible light 
transmittance of the whole substrate 
with a transparent electric conduction 
film of this invention become about 50% 
or more, it is desirable that total of the 
thickness of each divided metal layer sets 
to about lOOnm or less. 
[0026] As a transparent substrate 
furthermore used for this invention 2nd, 
the substrate by which the organic 
protective layer was prepared on the light 
filter aiming at color display and its light 
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filter on plastic plates, such as a 
polyethylene terephthalate (PET) and an 
acrylic (PMMA), or plastic film and a 
glass plate can be illustrated as well as 
well-known glass substrates, such as 
glass of soda lime silica composition, and 
a borosilicate glass (alkali free glass). 
Moreover, these substrates do not need to 
be flat surfaces and a base with a certain 
kind of a curved surface and irregularity 
is sufficient as them. 
[0027] 

[Embodiments of the Invention] The 
resistance to moist heat evaluated by the 
atmosphere of a 

highhumidity/temperature condition by 
carrying out fixed time exposure in the 
1st of this invention, and the 2nd, The 
transparency evaluated by the height of 
the c visible light transmittance of a 
substrate lump, the electrical property 
evaluated by the lowness of sheet 
resistance, From a viewpoint of 
adjustment with the configuration of the 
electrode pattern cross section after 
etching, an orientation film application, 
and a heat treatment process, as an 
especially desirable operation form of this 
invention In order to acquire the property 
of 60% or more of visible light 
transmittances with sheet resistance 
about 2.5ohms / below **1.5ohms /, and 
above ** Laminated structures, such as a 
metal layer 5 of 60-120nm of 30 nm/ITO 
layers and a metal layer [ of a glass 
substrate / 30-70nm of ITO layers, and a 



silver principal component ] 5 - silver 
principal component ■ 30-70nm of 30 
nm/ITO layers etc., are mentioned. In 
order to acquire the property of 60% or 
more of visible light transmittances in 
the range below 1.5ohms / ** Laminated 
structures, such as a metal layer 5 of 
60-20nm of 30 nm/ITO layers and a metal 
layer [ of 60- 120nm of 30 nm/ITO layers 
and a metal layer / of a glass substrate / 
30-70nm of ITO layers, and a silver 
principal component / 5 - silver principal 
component ] 5 ■ silver principal 
component - 30 70nm of 30 nm/ITO 
layers etc., are mentioned. 
[0028] What expressed typically the 
situation of deposition growth of the 
crystal grain child when being in the 
middle of membrane formation, 
interrupting the dielectric layer of this 
invention, and multilayering to two-layer 
is shown in drawing 4 . When processing 
the ITO layer (layer of acid fusibility) of 
the same thickness for example, into a 
stripe-like electrode with masking of a 
photoresist, in the layer which has the 
multilayer structure of this invention 
shown by drawing 4 , an etching rate 
becomes large rather than the layer 
which consists of a crystal grain child 
obtained with the conventional 
technology shown by drawing 5 . 
[0029] When it constitutes a transparent 
electric conduction film from three 
aforementioned layers, the 1st ITO layer 
cannot perform membrane formation 
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discontinuation, namely, can set up 
lengthwise grain size almost similarly to 
thickness. Next, after forming a silver 
larer, it is desirable to perform membrane 
formation discontinuation for example, 
timely 1 to 3 times, to build a fault with 
the 2nd ITO layer in a dielectric layer, 
and to control smaller than the 1st ITO 
layer the crystal grain child (grain size) of 
the layer. Thereby, when pattern 
electrode processing is carried out, as 
shown by a of drawing 2 , the ITO layer 3 
**********s in a taper configuration in 
the edge. Furthermore, it ********** s in 
the shape of a taper also as the 
transparent electric conduction film 10 
whole. Moreover, the electrode pattern 
processing configuration of this invention 
when making a transparent electric 
conduction film into 5 lamination is 
shown in b of drawing 2 . 
[0030] When aiming at improvement in 
an optical property and making a 
transparent electric conduction film into 
5 lamination, two metal layers are made 
into the almost same thickness, and 
make thickness of the 2nd ITO layer 
about about 2 times of the thickness of 
the 1st and 3rd ITO layers in many cases. 
That is, the thickness ratio of the 1st, the 
2nd, and 3rd ITO layer is designed by the 
outline 1:2: 1. In this case, if membrane 
formation is interrupted once only about 
the 2nd ITO layer, the size ratio of the 
thickness direction of the grain size of the 
1st, the 2nd, and 3rd ITO layer will serve 



as an outline i:i: L If the 2nd ITO layer is 
interrupted twice (multilayering equally 
to three layers) and the 3rd ITO layer is 
interrupted once (multilayering equally 
to two-layer), the size ratio of the 
thickness direction of the crystal grain 
child (grain) size of the 1st, the 2nd, and 
3rd ITO layer will be set to outline 
1:2/3:1/2. Moreover, only about the 1st 
ITO layer, thereby, since the size of the 
film thickness direction of the grain size 
of an ITO layer becomes small as it keeps 
away from a substrate, the etching rate 
according to an acid in the layer near a 
substrate side becomes late. Therefore, 
side etching is suppressed when such a 
transparent electric conduction film is 
dipped in the etching reagent of an acid. 
[0031] Moreover, the membrane 
formation continuously performed using 
the sputtering system of the in line type 
equipped with two or more cathodes as 
the 2nd embodiment of this invention can 
be illustrated. For example, if it prepares 
in three sets and the conveyance 
direction of a substrate so that each other 
may be adjoined in the cathode for 
dielectric membrane formation, the 
dielectric layer of 3 lamination which 
makes discontinuation of membrane 
formation two times can be formed. 
Moreover, if it is the karroo cell type 
batch type sputtering system which 
forms membranes while a substrate 
rotates a shaft center, the time of 
membrane formation discontinuation is 
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chosen timely, and it is in the middle of 
membrane formation, and can consider as 
the dielectric layer of multilayer 
composition by changing atmosphere, 
such as sputtering gas composition and a 
pressure. An example explains this 
invention below, 

10032] (Example l) After washing the 
glass substrate of the soda lime silica 
composition for simple matrix liquid 
crystal displays with a 300mm [ 400mm 
by] thickness of 0.7mm, 30nm of 
silicon-dioxide layers for alkali 
passivation was formed. Next, as a 
sputtering target, the target for dielectric 
layers of an indium stannic-acid ghost (2 
= 90 % of the weight [ of In203:SnO(s) ] : 
10 % of the weight), Using the target for 
metal layers of a silver -palladium alloy 
(Ag:Pd=98 atom %'2 atom %) by and the 
DC sputtering method which makes the 
mixed gas of an argon and oxygen 
sputtering gas The 1st ITO layer / 1st 
silver-palladium layer / the 2nd ITO layer 
/ 2nd silver-palladium layer / 3rd ITO 
layer was covered on the glass substrate 
one by one so that it might be set to 45nm, 
18nm, 90nm, 18nm, and 45nm by 
thickness, respectively. In this case, 
membrane formation was interrupted at 
the time of sputtering membrane 
formation of the 2nd ITO layer which is a 
dielectric layer, and this layer was 
divided into the layer of four equal 
thickness. Moreover, membrane 
formation was interrupted at the time of 



sputtering of the 3rd ITO layer which is 
similarly a dielectric layer, and this layer 
was divided into the layer of two equal 
thickness. Then, electrode processing was 
carried out by the etching reagent which 
consists the transparent electric 
conduction film of this multilayer 
structure of solution which contains a 
hydrochloric acid in electrode width of 
face of 50 micrometers, and the 
stripe-like pattern of 15 micrometers of 
electrode spacings. In SEM observation of 
the cross section of the formed electrode 
pattern, the cross section of this electrode 
had become the configuration of the 
shape of so-called taper where electrode 
line breadth became narrow as the 
electrode line breadth by the side of a 
substrate was the widest and became far 
from a substrate. The property of this 
sample 1 is shown in Table 1. 
[0033] (Example 2) After washing the 
glass substrate with a 300mm [ 400mm 
by ] thickness of 0.7mm for liquid crystal 
displays, 30nm of silicon-dioxide layers 
for alkali passivation was formed. Next, 
they are tin and zinc content indium 
oxide (2 = 90 % of the weight [ of 
In203:ZnO*SnO ] : 5 % of the weight : 5% 
of the weight) as a sputtering target. A 
target for dielectric layers called 
Following ITZO and the target for metal 
layers of a silver-palladium alloy 
(Ag:Pd=99 atom %'l atom %) are used. 
By the DC sputtering method which 
makes the mixed gas of an argon and 
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oxygen sputtering gas The 1st ITZO layer 
/ 1st silver-palladium layer / the 2nd 
ITZO layer / 2nd silver -palladium layer / 
3rd ITZO layer was covered on the glass 
substrate one by one so that it might be 
set to 45nm, 18nm, 90nm, 18nm, and 
45nm by thickness, respectively. In this 
case, membrane formation 
discontinuation was carried out at the 
time of sputtering of the 2nd AZO layer 
which is a dielectric layer, and this layer 
was divided into the layer of two almost 
equal thickness. Moreover, membrane 
formation discontinuation was carried 
out at the time of sputtering of the 3rd 
ITZO layer which is similarly a dielectric 
layer, and this layer was divided into the 
layer of two equal thickness. Electrode 
processing was given by the etching 
reagent which consists the transparent 
electric conduction film of this multilayer 
structure of solution which contains a 
thin hydrochloric acid in electrode width 
of face of 50 micrometers, and the 
stripe-like pattern of 15 micrometers of 
electrode spacings after this. The cross 
section of this electrode became the 
configuration of the shape of so-called 
taper where line breadth became narrow 
as the line breadth by the side of a 
substrate was the widest and became far 
from a substrate. The property of this 
sample 2 is shown in Table 1. 
[0034] In an example 1, do not carry out 
the membrane formation discontinuation 
at the time of dielectric-layer membrane 



formation, but if it removes that all the 
dielectric layers formed membranes, 
respectively, without interrupting a grain 
growth as one layer, it is completely made 
the same. (Example 1 of comparison) The 
1st ITO layer / 1st silver-palladium layer 
/ 2nd ITO layer / 2nd silver-palladium 
layer / 3rd ITO layer was covered on the 
glass substrate one by one so that it 
might be set to 45nm, 18nm, 90nm, 18nm, 
and 45nm by thickness, respectively. In 
SEM observation of the cross section of 
the electrode pattern which formed the 
transparent electric conduction film of 
this multilayer structure in electrode 
width of face of 50 micrometers, and the 
stripe-like pattern of 15 micrometers of 
electrode spacings when electrode 
processing was carried out by the same 
etching reagent as the etching reagent 
used for the example 1, side etching of the 
1st ITO layer was remarkable, and the 
1st layer of the 2nd and 3rd ITO layer 
had become the electrode which jumped 
out and remained outside ITO. Moreover, 
it was observed that it is in the state 
where the electrode itself tends to 
exfoliate, and it was presumed that this 
transparent electric conduction film does 
not fit practical use. The property of this 
sample is shown in Table 1. 
[0035] 
[Table 1] 
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[0036] 

[Effect of the Invention] Since 
membranes were formed and the 
dielectric layer prepared in contact with 
the metal layer top of the transparent 
electric conduction film of the substrate 
with a transparent electric conduction 
film concerning the 1st of this invention 
has accumulated so that a crystal grain 
child may become a multilayer in the 
direction of thickness, the etch rate by 
the acid when carrying out electrode 
pattern processing is adjusted so that it 
may become early As for the dielectric 
layer directly prepared on the other hand 
on the transparent substrate which is 
easy to take amorphous structure on the 
surface of [ dielectric layer / on a metal 
layer ] a substrate in response to 
influence, becoming larger than the 
dissolution rate by the acid of the 



dielectric layer prepared on a metal layer 
since it is controlled to be the same as it 
of the dielectric layer on a metal layer, or 
to become larger than it is suppressed in 
the size in the crystal grain child's 
direction of thickness. Etching nature is 
adjusted and controlled by this about 
both dielectric layer prepared in contact 
with a metal layer, and dielectric layer 
prepared in contact with a transparent 
substrate, and it becomes possible to 
carry out as [ generate / an undercut / in 
the dielectric layer prepared in contact 
with a transparent substrate by electrode 
pattern processing ] (for side etching to be 
suppressed like). 

[0037] In the 1st of this invention, if 
visible -ray permeability makes high 
silver a principal component at a metal 
layer, the transparent electric conduction 
film which combines and has the 
processability which was excellent in the 
electrode pattern of being hard to produce 
side etching, the outstanding electrical 
property that low resistance and high 
permeability are obtained even if the 
total thickness of a transparent electric 
conduction film is thin, and an optical 
property will be obtained. 
[0038] By making the 1st silver larer of 
this invention contain a little metal, it 
can consider as the substrate with a 
transparent electric conduction film 
further equipped with endurance. 
Moreover, since the transparent electric 
conduction film of this invention is 
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property will be obtained. 
[0038] By making the 1st silver larer of 
this invention contain a little metal, it 
can consider as the substrate with a 
transparent electric conduction film 
further equipped with endurance. 
Moreover, since the transparent electric 
conduction film of this invention is 
obtained by covering on the substrate 
heated according to the substrate or need 
for a room temperature, on the substrate 
in which the light filter which consists of 
an organic dye or a pigment for color 
displays etc. was prepared, electrode 
processability can cover a good 
transparent electric conduction film, and 
it is used as a high definition substrate 
for liquid crystal displays. 
[0039] Moreover, if paste up the 
periphery of a substrate with adhesives 
and a closed space is formed between 
substrates so that a transparent electric 
conduction film may counter, and it faces 
considering as the liquid crystal display 
element which enclosed liquid crystal 
with the closed space and the substrate 
with a transparent electric conduction 
film of this invention is used at least for 
one side of a substrate with a transparent 
electric conduction film, it can consider as 
a large area, high contrast, and a high 
definition liquid crystal display element 
with a high-speed response and low cross 
talk. Moreover, it is applicable also to the 
solar battery and the object for light 
emitting devices of which low resistance 



is required. 

[0040] Moreover, according to the 2nd 
method of this invention, it is obtained by 
making into the multilayer by 
discontinuation of membrane formation 
of a dielectric layer the transparent 
electric conduction film which consists of 
a dielectric with which side etching was 
suppressed, and a layered product of a 
metal layer, without needing processes, 
such as heat treatment, for this reason, 
electrode pattern processability obtains a 
good transparent electric conduction film 
by the method that the adjustment 
control of the etching property can be 
simply carried out by adjustment of the 
number of times of discontinuation of a 
dielectric layer etc., without degrading 
the productivity of membrane formation 
greatly, even if it compares with the 
conventional technology - things are 
made 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll It is the cross section of the 

transparent electrode after electrode 

pattern processing of the transparent 

electric conduction film by the 

conventional technology. 

[Drawing 2] It is the cross section of the 

transparent electrode after carrying out 

electrode pattern processing of the one 

example of this invention. 

[Drawing 31 It is the cross section of the 
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liquid crystal display which can be 
produced using this invention. 
[Drawing 41 It is drawing showing 
typically the situation of deposition 
growth of the crystal grain child when 
forming the dielectric layer concerning 
this invention so that it may become a 
multilayer. 

[Drawing 51 It is drawing showing 
typically the situation of deposition 
growth of the crystal grain child of the 
dielectric layer obtained by the 
conventional technology which forms the 
whole thickness continuously. 
[Description of Notations] 
l: The dielectric layer prepared in contact 
with a transparent substrate top 
2: Metal layer 

3: The dielectric layer prepared in contact 
with a metal layer top 
4: Glass substrate 
5: Photoresist 

6: The crevice generated at the 1st layer 
edge by side etch 
T- Growth particle 

10: The transparent electric conduction 
film after patterning 

20: A substrate with a transparent 

electric conduction film 

30: Orientation film 

31: Liquid crystal layer 

32: Transparent electric conduction film 

33: Light filter 

34: Protective coat 
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[0 0 19] *»M<?5»2«:, ^P^£ffico-*co±^M 
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fkZm k iS J: 5 l-^f J-f S ^ Sr^m^ LTV^So 
50 ri»©t»tJ:9R«#JB*#Jitc+5Ci:fi, 3HR± 



(5) 

7 

[0021] c^m^i^i^s;:^^ « 

[0 0 2 2] ±1Btf>/8K©*»Hi, 4>y4w*v9 
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0-239697 

8 

[0 0 2 6] SP5l-*«W»2lifflV^lx5aWS«i: 

^Ay, >tfy rc^uvr h (pet) ^r^y 

(PMMA) ii\t<n?7**vtW6&-f7* 3 f-v9 

[0 0 2 7] 

[Ig^a^ffiaTBIfi] **WwJBl*3J:^»2(c*5^-c 
iBffiiBa*#o^aic-^«Flffl*«L-tW«iSSixS 

□jejlti. 5Q/na±-epra*»ia*6 o%K±fcv^ 

^WttSrftSlC^ ^f7^SS/lTOl30-70n 
m/«±/S#<0&JWl 5-30nm/ITO|60-l 
2 0 n m/M±f&ft<0&mm 5-30nm/ITOi3 
0-7 0nm*if^aJi»5&35 s *»f?>tt, 1. 5 Q/D 

(Cli, #7^Sfi/ I TOB 3 0 - 7 0 nm/«±«» 
<D&Jgl5~3 0 nm/ ITOI6 0-1 2 0 nm/^ 
i^M!5-3 0nm/ITOi6 0-2 0 nm 
/m±$LftV>&mm 5-30nm/ITO|30-70 

[0 0 2 8] *«WwR«#S«rri£R» I t 1 T?+»rl-"C2 

^|^Lfc^(D^H4{C^i- 0 C&fy<D I TOl (It 

[0 0 2 9] aW»«K*ifflB3l-e*fiK-r6»^. IB 
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